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Chromatin: Sub Out the Replacement
Nucleosomes with specific histone variants are incorporated into DNA at sites
of transcription and repair. The histone variant H3.3 has been linked to
transcriptional regulation, but genetic tests in the fruit fly have yielded
surprising results.Oliver Bell1 and Dirk Schu¨beler2,*
In eukaryotic cells, DNA is embedded
in chromatin, consisting of the double
helix wrapped around an octamer of
histone proteins: H2A, H2B, H3 and H4.
The majority of histones are assembled
into chromatin following replication in
S phase to allow proper packaging of
newly synthesized DNA. In addition,
distinct variant histones are expressed
outside of S phase and deposited
independently of replication [1]. This is
thought to provide a continuous source
of histones, allowing replacement of
nucleosomes or compensating for
their loss. Importantly, histones and
their replacements are subject to
modifications, which can influence
gene expression and chromatin
architecture [2]. In the case of
canonical histone H3, the closely
related variant H3.3 is highly enriched
for several modifications associated
with transcription [3,4], reflecting its
specific incorporation at active genes
[5–7]. Moreover, this replacement
histone is also highly abundant at
regulatory regions [8]. Together these
striking observations have led to
different hypotheses on the function
of the histone variant H3.3 in gene
regulation. In this issue of Current
Biology, Hoedl and Basler [9] use
genetics to directly address the
role of active histone modifications
and histone variant H3.3. Very
surprisingly, in the absence of H3.3
the authors find little effect on
somatic development and show
that only specific lysines are required
for the essential function of H3.3
in the germline.
Chromatin is dynamically modified,
which is thought to facilitate DNA
accessibility for protein binding [2].
Indeed, nucleosomes are lost at
actively transcribed genes and
regained upon transcriptional
shut-down [10]. Deposition of variant
histone H3.3 has been observed atpromoters and throughout transcribed
regions, and appears to partly
compensate for transcription-coupled
nucleosome displacement [5,7]. In
addition, histones incorporated at
active genes are decorated by several
post-translational modifications,
including methylation at lysine 4 of
histone H3 [7]. The relevance of these
modifications and their link to the
deposition of H3.3 are important
questions, which previously have not
been addressed by genetic analysis.
In metazoans, the genes encoding
canonical histones are organized
in tandem, multicopy clusters,
which have hindered genetic
studies. Thus, research has mostly
focused on the identification and
deletion of the enzymes that modify
histones [11]. However, the possibility
that several enzymes can modify
the same residue and the existence
of non-histone targets poses
obvious limitations.
To directly address the role of
histone modifications in Drosophila
development, Hoedl and Basler [9]
deleted the genes encoding histone
variant H3.3. Unlike canonical histones,
H3.3 is expressed from two gene
copies. As H3.3 deposition coincides
with the enrichment of several histone
modifications associated with gene
activity, its deletion may contribute
to understanding the role of these
modifications in transcriptional
regulation. In fact, H3.3 represents the
majority of histone H3 methylated at
lysine4,which led to thehypothesis that
there may be a link between variant
depositionand targetingof thismark [3].
Surprisingly, Hoedl and Basler [9] find
that endogenous H3.3 is dispensable
for somatic development in flies. This
finding not only challenges some of the
current hypotheses for the function of
this variant in gene regulation, it is also
surprising given that deletion of only
a single H3.3 gene copy in mice leads
to severe developmental defects [12].Notably, despite the deletion of H3.3,
the levelsofH3K4methylation remained
unchanged, arguing that canonical H3
can compensate at active genes for the
lack of the variant, possibly by being
upregulated (Figure 1). However, similar
experiments performed in Tetrahymena
suggest that a lack of H3.3 at highly
transcribed genes is not compensated
by replication-independent assembly
of newly synthesized H3 [13].
Alternatively, following
transcription-dependent nucleosomal
displacement, the resulting gaps might
be masked by redistributing ‘old’
nucleosomes from neighboring
extragenic regions or by recycling free
canonical H3 histones (Figure 1).
Nevertheless, one might speculate
that some gaps in non-dividing cells
will remain unfilled and, thus,
potentially expose cryptic sites
for spurious transcription initiation
events, as has been reported
in baker’s yeast [14,15].
Post-mitotic mammalian neurons
accumulate H3.3 over time and largely
replace the canonical isoform [16],
which in turn would suggest late-onset
phenotypes also for Drosophila.
Clearly, H3.3 is dispensable for somatic
development, yet it will be interesting if
its lack results in enhanced sensitivity
to genotoxic stress or phenotypes
related to chromatin regulation, such
as heterochromatin-mediated
variegation of transgene expression or
polycomb-group-mediated repression
of HOX genes.
H3.3 is also incorporated into the
decondensing male genome after
fertilization, once the sperm-specific
protamines are removed [17,18]. In line
with this function, female flies that lack
H3.3 are infertile. Hoedl and Basler [9]
further show that ectopic expression
of H3.2 in the embryos cannot
compensate for the loss of H3.3.
Together with previous reports that
mutants in the machinery responsible
for H3.3 deposition are also infertile
[17,18], this argues that the process
of protamine replacement is specific
for, and requires, maternal H3.3.
This selectivity raises the question
whether H3.3 plays a role in germline
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Figure 1. Compensation for loss of histone H3.3.
Under normal conditions, nucleosomes (blue) are displaced at sites of chromatin remodeling,
transcription and repair. (A) Gaps are filled by nucleosomes containing variant isoforms (green)
such as H3.3. (B) In the absence of H3.3, the remaining canonical nucleosomes could be redis-
tributed to mask the gaps, nevertheless leading to an overall reduced nucleosomal density in
the genome. (C) Alternatively, canonical histones could be recycled by reinsertion.development beyond the foremost
task of DNA packaging.
To directly ask if histone
modifications are required for germ cell
function, Hoedl and Basler [9] mutated
H3.3 lysine 4 or lysine 9 to alanine
(H3.3 K4A or K9A, respectively).
Intriguingly, lysine 4 appears to be
important for the particular role of
H3.3 in germ cell development as
re-expression of H3.3 K4A did not
rescue sterility, while flies with the
K9A substitution were fertile. It
remains to be seen how and
when mutations of lysine 4
interfere with H3.3 function in
germline development or early
embryogenesis.Similar to the complete deletion of
H3.3, neither the K4A nor K9A mutants
had any apparent phenotype in somatic
development. This is particularly
interesting for the lysine 4 mutation
since reports from cultured Drosophila
cells suggested that most of the
modified lysine 4 occurs on H3.3 [3].
Indeed, unlike in the absence of H3.3,
expression of the H3.3 K4A mutant
resulted in a strong reduction of bulk
lysine 4 methylation, indicating that the
mutated H3.3 is correctly incorporated.
The resulting strong reduction of lysine
4 methylation has no apparent effect
on somatic transcription, which is
surprising given the large number of
proteins interacting with methylatedK4 [11]. Nevertheless, the ultimate
test for the relevance of this mark
requires mutation of both H3 isoforms.
In the meantime, a more detailed
analysis of the distribution and
modification of the ectopically
expressed mutant histones will help
to better understand the lack of any
apparent phenotype.
The work by Hoedl and Basler [9]
shows that genetic deletion is the
ultimate test of biological relevance
and can lead to surprising
observations. This work also suggests
that some of the current models for
chromatin regulation by histone
variants should be revisited. In addition
to challenging existing paradigms, the
work further paves theway to approach
histone function genetically in
metazoans in order to increase our
understanding of genome regulation
in a ‘chromatinized’ world.
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A honey bee colony is a complex
eusocial society of largely sterile,
female workers which are ‘ruled’ by
a single reproductive monarch. Order
within this altruistic sorority is largely
maintained by the queen’s emission
of a chemical signal called queen
mandibular pheromone (QMP) [1].
When sensed or imbibed by her
progeny, QMP becomes the glue
which binds the colony together as
a self-organizing unit: it stimulates
them to form a retinue around her [2],
to rear brood, to forage for food, and
to build comb [3]. It also establishes
the queen as the reproductive ruler,
as it suppresses the rearing of new
queens and the development of
worker ovaries [4]. In the absence
of the queen’s chemical rule,
reproductive anarchy ensues [5].
In an elegant series of studies,
Mercer and colleagues have recently
uncovered another function of QMP:
it prevents young workers in the
queen’s retinue from forming aversive
olfactory memories [6]. What is more,
they showed that this change in
behaviour is mediated by a single
component of QMP, homovanillyl
alcohol (HVA). Of the five compounds
that make up QMP, HVA is the least
concentrated — it isw200-fold less
concentrated than QMP’s major
component, 9-ODA— yet it is essential
for eliciting retinue behaviour [2]
and may also be involved in the
suppression of ovary development in
workers [7]. The Mercer lab also found
that exposure to HVA affects dopamine17. Konev, A.Y., Tribus, M., Park, S.Y.,
Podhraski, V., Lim, C.Y., Emelyanov, A.V.,
Vershilova, E., Pirrotta, V., Kadonaga, J.T.,
Lusser, A., et al. (2007). CHD1 motor protein is
required for deposition of histone variant H3.3
into chromatin in vivo. Science 317, 1087–1090.
18. Loppin, B., Bonnefoy, E., Anselme, C.,
Laurencon, A., Karr, T.L., and Couble, P. (2005).
The histone H3.3 chaperone HIRA is essential
for chromatin assembly in the male pronucleus.
Nature 437, 1386–1390.ignal or Agent
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receptor expression and reduces
the amount of dopamine in a young
bee’s brain [8].
Structurally, HVA looks like
a dopamine molecule (Figure 1) and
apparently it acts like one: in this issue
of Current Biology, Beggs and Mercer
[9] report that HVA is an agonist of
D2-like dopamine receptors. They
selectively expressed the known bee
dopamine receptors — AmDOP1,
Figure 1. A honey bee queen (Apis mellifera c
Queens emit a pheromone containing the
methoxyphenylethanol), which is structurally a
mitter dopamine. Photo courtesy of S.W. Cob1Departments of Pathology and
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DOI: 10.1016/j.cub.2009.06.032AmDOP2, and AmDOP3 — in
mammalian cells in culture and tested
ligand specificity by measuring
changes in cAMP levels. AmDOP1 and
AmDOP2 both responded to dopamine
with an increase in cAMP, which is
typical of D1-like receptors, while
AmDOP3 responded as a D2-like
receptor, lowering cAMP. Interestingly,
HVA also reduced cAMP in AmDOP3
expressing cells.
By which mechanisms could HVA
reduce aversive learning in bees? It
could act as an antagonist of
dopaminergic receptors, binding with
the receptors and inactivating them,
but Beggs and Mercer [9] found no
evidence for this. On the other hand,
as a D2-receptor agonist, perhaps
HVA’s activation of AmDOP3 dampens
arnica) surrounded by her retinue.
molecule homovanillyl alcohol (4-hydroxy-3-
nd pharmacologically similar to the neurotrans-
ey.
